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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SOI substrate having crystal defects of a small size in the SOI layer, 
particularly a thin film SOI substrate having an SOI layer with a thickness not greater than 1 ^m, and a 
manufacturing method thereof at low cost with high productivity. 

SOLUTION: In this manufacturing method of an SOI substrate, an oxide film is formed on a surface of at least one 
of two silicon wafers. The silicon wafer is adhered with the other silicon wafer via this oxide film and a heat 
treatment is performed to bond them firmly. Then, the wafer on the side on which devices are formed are made 
thinner to the required thickness. At this time, nitrogen is doped to grow a silicon single crystal rod by the 
Czochralski method, which is sliced to provide silicon single crystal wafers to be used as the above device formed 
side wafer. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An oxide film is formed in the front face of one [ at least ] silicon wafer among two silicon wafers. In the 
manufacture approach of the SOI substrate which thin-film-izes a device production side wafer by the desired thickness 
after making it stick with the silicon wafer of another side through this oxide film, adding heat treatment to this and 
making it join together firmly The manufacture approach of the SOI substrate characterized by using what raised the 
silicon single crystal rod which doped nitrogen, sHced this single crystal rod, and processed into the silicon single 
crystal wafer with the Czochrlski method as said device production side wafer. 

[Claim 2] In the manufacture approach of the SOI substrate which thin-film-izes the silicon wafer which is a device 
production side wafer by the desired thickness after sticking a silicon wafer and an insulating substrate, adding heat 
treatment to this and making it join together firmly The manufacture approach of the SOI substrate characterized by 
using what raised the silicon single crystal rod which doped nitrogen, sliced this single crystal rod, and processed into 
the silicon single crystal wafer with the Czochrlski method as a silicon wafer which is said device production side 
wafer. 

[Claim 3] The manufacture approach of the SOI substrate indicated to claim 1 or claim 2 characterized by making into 
1x1010 - 5x1015 atoms/cm3 nitrogen concentration doped on this single crystal rod in case the silicon single crystal rod 
which doped nitrogen with said Czochrlski method is raised. 

[Claim 4] The manufacture approach of the SOI substrate indicated in any 1 term of claim 1 characterized by making 
into three or less 1.2x1018 atoms/cm the oxygen density contained on this single crystal rod in case the siUcon single 
crystal rod which doped nitrogen with said Czochrlski method is raised thru/or claim 3. 

[Claim 5] The manufacture approach of a SOI substrate given in any 1 term of claim 1 characterized by performing heat 
treatment for [ said ] making it join together firmly at the temperature of 900 degrees C or more thru/or claim 4. 
[Claim 6] The manufacture approach of a SOI substrate given in any 1 term of claim 1 characterized by performing thin 
film-ization of said device production side wafer to 1 micron or less thru/or claim 5. 

[Claim 7] The manufacture approach of a SOI substrate given in any 1 term of claim 1 characterized by heat-treating at 
the temperature of 900 degrees C or more after thin-film-izing of said device production side wafer thru/or claim 6. 
[Claim 8] The SOI substrate manufactured by the approach indicated to claim 1 - claim 7. 

[Claim 9] An oxide film is formed in the front face of one [ at least ] silicon wafer among two silicon wafers. In the SOI 
substrate which thin-fihn-ized the device production side wafer by the desired thickness after having made it stick with 
the silicon wafer of another side through fliis oxide fihn, adding heat treatment to this and making it join together firmly 
The SOI substrate with which said device production side wafer is characterized by raising the silicon single crystal rod 
which doped nitrogen, slicing this single crystal rod, and processing it into a silicon single crystal wafer with the 
Czochrlski method. 

[Claim 10] The SOI substrate characterized by to stick a silicon wafer and an insulating substrate, to raise the silicon 
single crystal rod on which the silicon wafer which is said device production side wafer doped nitrogen with the 
Czochrlski method, to slice this single crystal rod in the SOI substrate which thin-fihn-ized the silicon wafer which is a 
device production side wafer by the desired thickness after adding heat treatment to this and making it combine with it 
firmly, and to process it into a silicon single crystal wafer. 

[Claim 1 1] The SOI substrate indicated to claim 9 or claim 10 to which nitrogen concentration of said device production 
side wafer is characterized by being 1x1010 - 5x1015 atoms/cm3. 

[Claim 12] The SOI substrate indicated in any 1 term of claim 9 to which the oxygen density of said device production 
side wafer is characterized by being three or less 1.2x1018 atoms/cm thru/or claim 11. 

[Claim 13] A SOI substrate given in any 1 term of claim 9 to which thickness of a SOI layer is characterized by being 1 
micron or less thru/or claim 12. 
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* NOTICES * 



Japan Patent Office is not respoMIble for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a lamination SOI substrate and lamination 
SOI substrate using the silicon single crystal wafer produced by the Czochrlski method (henceforth a CZ process). 
When a SOI layer makes small especially size of the crystal defect called the grown-in (Grown-in) defect in a SOI layer 
in a thin film SOI substrate 1 micron or less It is related with the manufacture approach of a thin film SOI substrate and 
SOI substrate which can extinguish these defects easily by heat treatment. 
[0002] 

[Description of the Prior Art] After making it stick mutually as the technique which sticks two silicon single crystal 
wafers through silicon oxide is shown in JP,5-46086,B? without forming an oxide film in one [ at least ] wafer, and 
making a foreign matter placed between planes of composition, the approach of heat-treating at the temperature of about 
200-1200 degrees C, and raising bond strength is learned conventionally. 

[0003] Since subsequent grinding, polish of the lamination substrate with which bond strength was raised by heat- 
treating, etc. are attained, it can form the SOI layer which performs component formation by thin-film-izing one of 
substrates in desired thickness by grinding, polish, etc. 

[0004] that is, the SOI layer crystallinity excelled [ layer ] in the produced SOI substrate since the bulk crystal of the 
crystalline outstanding silicon single crystal wafer was used as it is is obtained ~ ******** this point - SIMOX it 
excels compared with other SOI production technique, such as law (Separation by Implanted Oxygen) and the melting 
recrystallizing method. 

[0005] On the other hand, as a silicon single crystal wafer used as the raw material of a lamination substrate, the silicon 
single crystal wafer which slices the single crystal rod mainly raised by the Czochrlski method (CZ process), and is 
obtained is used. However, into the silicon single crystal raised by the CZ process, it is recently reported that the crystal 
defect which is called the above-mentioned grown-in defect and which was introduced into crystal growth is found out 
by various measuring methods. For example, these crystal defects are detectable as a pit by etching a firont face 
altematively with Secco liquid (mixed liquor of K2Cr 207, fluoric acid, and water) (Secco etching) in the single crystal 
which was able to be pulled up with the general growth rate (for example, about 1 or more mm/min) currently produced 
on commercial level (refer to JP,4-192345,A). 

[0006] It is thought that the main causes of generating of this pit are oxygen sludges which are the floe of the oxygen 
atom mixed fi^om the cluster or quartz crucible of an atomic hole condensed during single crystal manufacture. If these 
crystal defects exist in the field in which a device is formed, since they will turn into an injurious defect which degrades 
a device property, the various approaches for reducing such a crystal defect are examined. 

[0007] For example, in order to reduce the consistency of the cluster of the above-mentioned atomic hole, it is known 
that what is necessary is to fall the rate of crystal growth extremely (for example, 0.4 or less mm/min), and just to make 
a crystal raise (refer to JP,2-267195,A). However, it has turned out that the crystal defect considered to be the 
dislocation loop which the superfluous silicon between grids newly gathers that it is this approach, and is formed occurs, 
and a device property is degraded remarkably and it does not become the solution in question. And since the rate of 
crystal growth is reduced to about 1.0 conventional mm/min, as mentioned above 0.4 nmi/min or less, the remarkable 
fall of the productivity of a single crystal and the rise of cost will be brought about. 

[0008] Therefore, when a SOI substrate is produced using CZ wafer with which such a crystal defect exists, naturally a 
crystal defect exists also in the produced SOI layer, and electrical properties, such as the oxide-film proof-pressure 
property of a SOI layer, are made to deteriorate. In this case, when the thickness of the SOI layer produced especially is 
a thin film SOI substrate of 1 micron or less, a crystal defect will penetrate a SOI layer, and will exist, a pinhole may be 
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formed, and a quality characteristic will be degraded remarkably. _ 
[0009] A A 

[Problem(s) to be Solved by the Inventl^^Then, this invention was made in view onne above-mentioned trouble, and 
makes small crystal defect size in a SOI layer, and the thickness of the SOI substrate which can be easily extinguished 
by heat treatment, especially a SOI layer aims at offering the manufacture approach of a thin film SOI substrate 1 
micron or less, and a SOI substrate by low cost and the sex from Takao. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention indicated to claim 
1 of this invention An oxide film is formed in the front face of one [ at least ] silicon wafer among two silicon wafers. In 
the manufacture approach of the SOI substrate which thin-film-izes a device production side wafer by the desired 
thickness after making it stick with the silicon wafer of another side through this oxide film, adding heat treatment to 
this and making it join together firmly It is the manufacture approach of the SOI substrate characterized by using what 
raised the silicon single crystal rod which doped nitrogen, sliced this single crystal rod, and processed into the silicon 
single crystal wafer with the Czochrlski method as said device production side wafer. 

[001 1] Thus, in case a single crystal rod is raised by the CZ process, growth of the crystal defect introduced into said 
crystal growth can be controlled by doping nitrogen. Moreover, since the rate of crystal growth is accelerable as a result 
of controlling growth of a crystal defect, the productivity of a crystal is remarkably improvable. 
[0012] And if the wafer processed from the silicon single crystal which doped such nitrogen is used as a device 
production side wafer of a SOI substrate, the SOI substrate which has a SOI layer with very small crystal defect size can 
be obtained. Therefore, if heat treatment is added to this SOI substrate, a crystal defect can be extinguished easily and 
quality, such as the electrical property of the device produced by the SOI layer, can be improved remarkably. In this 
case, since out-diffusion of the nitrogen in the device production side wafer used as a SOI layer is carried out during 
heat treatment, it does not have a bad influence on the device produced. 

[0013] Moreover, invention indicated to claim 2 of this invention sticks a silicon wafer and an insulating substrate. In 
the manufacture approach of the SOI substrate which thin-film-izes the silicon wafer which is a device production side 
wafer by the desired thickness after adding heat treatment to this and making it combine with it firmly It is the 
manufacture approach of the SOI substrate characterized by using what raised the silicon single crystal rod which doped 
nitrogen, sliced this single crystal rod, and processed into the silicon single crystal wafer with the Czochrlski method as 
a silicon wafer which is said device production side wafer. 

[0014] Thus, this invention may be made to use a device production side wafer as the silicon single crystal wafer which 
doped nitrogen, when combining a silicon wafer and an insulating substrate and manufacturing a SOI substrate. While 
being able to make crystal defect size of a SOI layer very small also in this case, the productivity of a silicon wafer is 
improvable. 

[0015] In this case, as indicated to claim 3, in case the silicon single crystal rod which doped nitrogen with the 
Czocb-lski method is raised, it is desirable to make into 1x1010-5x1015 atoms/cm3 nitrogen concentration doped on 
this single crystal rod. This is because it is desirable to consider as three or less 5x1015 atoms/cm in order to make it it 
not become tiie hindrance of a desirable thing and single-crystal-izing of a silicon single crystal to make nitrogen 
concentration into three or more 1x1010 atoms/cm in order to fully control growth of a crystal defect and to reduce 
generating of the pinhole in a SOI layer certainly. 

[0016] Moreover, as indicated to claim 4, in case the silicon single crystal rod which doped nitrogen with the Czochrlski 
method is raised, it is desirable to make below into 1.2x1018 atoms/cm3 (ASTM 79 value) the oxygen density 
contained on a single crystal rod. Thus, since formation of hypoxia, then a crystal defect can be controlled further, the 
crystal defect in a SOI layer and generating of a pinhole can be controlled further. 

[0017] Next, invention indicated to claim 5 of this invention was made to perform heat treatment for making it combine 
with any 1 term of claim 1 thru/or claim 4 firmly in the manufacture approach of the SOI substrate a publication at the 
temperature of 900 degrees C or more. While two wafers are combinable by sufficient reinforcement by heat-treating in 
such a temperature requirement, nitrogen is certainly removable from the field used as the SOI layer of a device 
production side wafer. Therefore, when it considers as a SOI substrate, it is lost that nitrogen has a bad influence on the 
electrical property of a device etc. Furthermore, according to heat treatment of such a temperature requirement, in the 
field used as the SOI layer of a device production side wafer, since a field without the defect of an oxygen reason is 
formed, prevention of the reduction in the defect of a SOI layer and aggravation, such as an electrical property by 
oxygen, is attained. 

[0018] Moreover, it is characterized by invention indicated to claim 6 of this invention carrying out thin film-ization of 
a device production side wafer to any 1 term of claim 1 thru/or claim 5 to 1 micron or less in the manufacture approach 
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of the SOI substrate a publication. ThusJn the ultra-thin SOI layer of 1 micron or le^since especially a crystal defect 
penetrates and it is easy to form a pinh^Ht is effective to use the silicon wafer in this invention carried out the 
nitrogen dope. 

[0019] Moreover, invention indicated to claim 7 of this invention is characterized by heat-treating at the temperature of 

900 degrees C or more after thin-film-izing of said device production side wafer in the manufacture approach of a SOI 
substrate given in any 1 term of claim 1 thru/or claim 6. Thus, after thin-film-izing of a wafer, if it heat-treats at the 
temperature of 900 degrees C or more, a crystal defect with the small size in a SOI layer can be extinguished easily. 
[0020] And since the crystal defect size of a SOI layer will be able to become very small and the SOI substrate (claim 8) 
manufactured by the manufacture approach of this invention can be easily extinguished by heat treatment, it tums into a 
SOI substrate with few crystal defects. The SOI substrate of this invention like claim 9 Namely, the inside of two silicon 
wafers. Form an oxide film in the fi-ont face of one [ at least ] silicon wafer, and it is made to stick with the silicon wafer 
of another side through this oxide film. After adding heat treatment to this and making it combine with it firmly, it is the 
SOI substrate which thin-fibn-ized the device production side wafer by the desired thickness. Said device production 
side wafer is the SOI substrate which raises the silicon single crystal rod which doped nitrogen, slices this single crystal 
rod, and is processed into a silicon single crystal wafer with the Czochrlski method. 

[0021] Moreover, the SOI substrate of this invention sticks a silicon wafer and an insulating substrate like claim 10. 
After adding heat treatment to this and making it combine with it firmly, it is the SOI substrate which thin-film-ized the 
silicon wafer which is a device production side wafer by the desired thickness. It is good also as a SOI substrate which 
the silicon wafer which is said device production side wafer raises the silicon single crystal rod which doped nitrogen, 
slices this single crystal rod, and processes into a silicon single crystal wafer with the Czochrlski method. 
[0022] And in this case, like claim 1 1, nitrogen concentration of a device production side wafer can be made into 
1x1010 - 5x1015 atoms/cm3, and the oxygen density of a device production side wafer can be made into three or less 
1.2x1018 atoms/cm like claim 12. 

[0023] Moreover, like claim 13, when the thickness of a SOI layer is 1 micron or less, it can use this invention as the 
SOI substrate which has a good SOI layer especially with few pinholes. 

[0024] Hereafter, although this invention is explained fiirther in fiiU detail, this invention is not limited to these. As a 
technique of removing the crystal defect in a silicon wafer conventionally, the technique of performing elevated- 
temperature heat treatment to a wafer under reducing atmospheres, such as hydrogen, is known. However, since the 
crystal defect will form the pinhole penetrated in the SOI layer as mentioned above when especially a SOI layer is thin 
if this technique is applied to a SOI substrate, it passes along this pinhole, reducibility gas invades, and the problem 
referred to as returning an embedding oxide film arises. In the embedding oxide film having been returned, SOI 
structure is destroyed and the electrical property of a device will be depreciated remarkably. 

[0025] So, in this invention, by making the crystal defect size in the silicon wafer which is a raw material wafer reduce 
rather than removing the crystal defect in the produced SOI layer, the penetrated pinhole was decreased and it was 
fiirther made to make it easy to disappear by heat treatment. 

[0026] This invention namely, by using for a lamination SOI substrate the silicon single crystal wafer produced by the 
technique which dopes nitrogen and makes crystal defect size small during silicon single crystal training by the CZ 
process The crystal defect size in a SOI layer is small, therefore a header and terms and conditions are scrutinized for 
the ability of the SOI substrate which has the SOI layer which has the defect to which there are few pinholes to 
penetrate and they tend to disappear by heat treatment to be obtained by low cost and the sex from Takao, and this 
invention is completed. 

[0027] If nitrogen is doped in a silicon single crystal, it is pointed out that condensation of the atomic hole in silicon is 
controlled (T. 3 Abe and H.Takeno, Mat. Res. Soc.Symp.Proc. Vol.262, and 1992). It is thought that this effectiveness is 
for the condensation process of an atomic hole to shift to ununiformity nucleation from homogeneity nucleation. 
Therefore, if nitrogen is doped in case a silicon single crystal is raised by the CZ process, a silicon single crystal and this 
with small crystal defect size can be processed, and a silicon single crystal wafer can be obtained. And according to this 
approach, like said conventional method, since it is not necessary to necessarily low-speed-ize the rate of crystal growth, 
the silicon single crystal wafer of the low defect in the sex from Takao may be able to be obtained. 
[0028] However, when it is known that it is effective in making precipitation of oxygen promote (224 for example, 
F.Shimura and R.S.Hockett, Appl.Phys.Lett.48, 1986) and the nitrogen atom in this silicon single crystal is doped in the 
silicon single crystal wafer by the CZ process, it is heat treatment in a device process etc., and makes the defects of 
precipitation-of-oxygen reasons, such as OSF (oxidation induction stacking fault), occur frequently in the device 
formative layer. Therefore, CZ silicon single crystal wafer which doped nitrogen conventionally was not used as a wafer 
for device production. 
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[0029] So, by this invention, it decided to^u se the wafer which doped this nitrogen a^^aw material wafer of a 
lamination SOI substrate that the advai^^ said that a crystal defect (grown-in def^^annot grow easily should be 
carried out in the maximum student as liroitrogen dope crystal. In a lamination SO^mbstrate, since heat-of-linkage 
processing after adhesion is performed in two wafers, out-diffusion of the nitrogen is carried out by this heat treatment, 
and it does not remain in a SOI layer. However, since a SOI layer is produced using the substrate of a nitrogen dope, 
even if nitrogen carries out out-diffiision, the size of a grown-in defect becomes small with as. On the other hand, near a 
joint interface, since it is checked that it is hard to be formed although the reason is xmknown, the defect of an oxygen 
reason becomes very low [ the consistency of the defect of an oxygen reason ] in the field used as a SOI layer. 
[0030] And since it is not necessary to reduce a crystal pulling rate in a CZ process, as a result of being able to obtain 
the silicon wafer which is a raw material by low cost and the sex from Takao, there is also an advantage that the cost of 
a SOI substrate can be lowered. 
[0031] 

[Embodiment of the Invention] In the manufacture approach of the SOI substrate of this invention, the silicon single 
crystal wafer with which nitrogen was doped is produced by raising the silicon single crystal rod which doped nitrogen 
for the siUcon single crystal wafer which is a raw material wafer first by the CZ process, and slicing and processing this 
single crystal rod. In this case, what is necessary is to just be based on a well-known approach which is indicated by 
JP,60-251 190,A, in order to raise the silicon single crystal rod which doped nitrogen by the CZ process. 
[0032] That is, although a CZ process is an approach of pulling up slowly and raising tihe silicon single crystal rod of a 
request diameter, contacting seed crystal to the melt of the polycrystalline silicon raw material held into the quartz 
crucible, and rotating this, it can dope nitrogen during a raising crystal by putting in the nitride in the quartz crucible 
beforehand, throwing in a nitride in silicon melt, or making a controlled atmosphere into the ambient atmosphere 
containing nitrogen etc. Under the present circumstances, the amount of dopes under crystal is controllable by adjusting 
concentration or installation time of the amount of a nitride, or nitrogen gas etc. 

[0033] Thus, in case a single crystal rod is raised by the CZ process, growth of the crystal defect introduced into crystal 
growth can be controlled by doping nitrogen. Moreover, the productivity of the silicon wafer of 0.4 or less nmi/min for 
the rate of crystal growth which the productivity of a crystal can be remarkably improved since it is not necessary to 
low-speed-ize, and is the raw material of a SOI substrate as a result, and cost are improvable Hke a conventional 
method. 

[0034] If nitrogen is doped in a silicon single crystal, it will be thought that the reason which the crystal defect size 
introduced into silicon reduces is for the condensation process of an atomic hole to shift to ununiformity nucleation 
from homogeneity nucleation as above-mentioned. Therefore, the concentration of the nitrogen to dope is good to 
consider as three or more 5x1013 atoms/cm preferably [ making it three or more 1x1010 atoms/cm which fully causes 
ununiformity nucleation ], and more preferably. Growth of a crystal defect can fully be controlled by this. If nitrogen 
concentration exceeds 5x1015 atoms/cmS which is a solid-solution limit community in a silicon single crystal, since the 
single-crystal-izing of a silicon single crystal itself will be checked on the other hand, it is made not to exceed this 
concentration. 

[0035] Moreover, in case the silicon single crystal rod which doped nitrogen by the CZ process is raised in this 
invention, it is desirable to make into three or less 1.2x1018 atoms/cm the oxygen density contained on a single crystal 
rod. It is because it can control formation of a crystal defect conjointly further that hypoxia, then nitrogen contain the 
oxygen density in a silicon single crystal in this way and it can control formation of said OSF etc., and the crystal defect 
of a SOI layer can be further decreased by this. 

[0036] By the CZ process, the method of reducing the oxygen density contained in case a silicon single crystal rod is 
raised in the above-mentioned range should just be based on the approach commonly used from the former. For 
example, it can consider as the above-mentioned oxygen density range easily with means, such as temperature 
distribution of reduction of a crucible rotational frequency, the increment in an introductory quantity of gas flow, the fall 
of the ambient pressure force, and silicon melt, and adjustment of the convection current. 

[0037] In this way, the nitrogen of request concentration is doped in a CZ process, and the silicon single crystal rod 
containing the oxygen of request concentration is obtained. After slicing this according to the usual approach with 
cutting equipments, such as an inner circumference cutting-edge slicer or a wire saw, it is processed into a silicon single 
crystal wafer through processes, such as beveling, wrapping, etching, and polish, of course — ** these processes remain 
for having carried out instantiation listing, in addition may have various processes, such as washing, ~ modification of 
the order of a process part — according to the purposes, such as an abbreviation, modification use of the process is 
carried out suitably. 

[0038] Next, a lamination SOI substrate is produced, using the obtained silicon single crystal wafer as a device 
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production side wafer at least. AlthougMiow to manufacture the SOI substrate of thi^vention is explained with 
reference to a drawing about the case ^^^^ two silicon wafers are stuck, below, th^^ention is not limited to these. 
Here, drawingl is the explanatory vie^Hbwing an example of the production proc^of the lamination SOI substrate 
concerning this invention. 

[0039] The bond wafer 2 (device production side wafer) and the base wafer 3 which are a raw material wafer for 
producing a SOI substrate by lamination first in drawing 1 are prepared ( drawing 1 (a)). Here, let the bond wafer 2 
which is a device production side wafer at least be the silicon single crystal wafer which doped nitrogen by the above- 
mentioned CZ process in this invention. Of course, it is good also as that to which both two wafers doped nitrogen. 
[0040] And it heat-treats to the bond wafer 2 among the prepared silicon single crystal substrates, and an oxide film 4 is 
formed in a bond wafer front face ( drawing 1 (b)). This heat treatment is performed at an elevated temperature 1000 
degrees C or more, out-diffusion of the nitrogen doped at this time is carried out, nitrogen is not contained in the SOI 
layer after thin-film-izing, and it comes, and does not have a bad influence on the device produced. 
[0041] In this case, formation of an oxide film may be performed to the base wafer 3, and an oxide film may be made to 
form in both wafers. When forming an oxide film only in the base wafer 3, in the heat-of-linkage processing which is a 
next process, out-diffiision of the nitrogen in the bond wafer 2 will be carried out. 

[0042] Next, the bond wafer 2 and the base wafer 3 in which this oxide film was formed are stuck under a pure ambient 
atmosphere ( drawing ! (c)). Heat treatment is added to this under an oxidizing quality ambient atmosphere, the bond 
wafer 2 and the base wafer 3 are combined firmly, and it considers as the lamination substrate 1 . While the bond wafer 2 
and the base wafer 3 are firmly combined at this time, the oxide film 5 which turns into an etching coat at a back process 
is formed also in the whole outside surface of the lamination substrate 1 ( drawing 1 (d)). 

[0043] Under the ambient atmosphere containing oxygen or a steam, although what is necessary is just to carry out at 
the temperature of 200 degrees C - 1200 degrees C, it is made to carry out at the temperature of 900 degrees C or more 
as heat treatment conditions for heat treatment for combining these two wafers firmly more preferably, for example. 
[0044] While two wafers are combinable by sufficient reinforcement by heat-treating in such a high temperature 
requirement, it is because out-diffusion of tfie nitrogen can be certainly carried out fi"om a device production side wafer. 
In this way, while having the advantage that the grown-in defect size which a nitrogen dope substrate has becomes 
small, doing the bad influence to the device electrical property by nitrogen etc. is completely lost by canying out out- 
diffusion of the nitrogen. Furthermore, since the defect of an oxygen reason near a joint interface is hard to be formed, 
the bad influence by oxygen is also lost. 

[0045] In this way, the uncombined section of the bond wafer 2 and the base wafer 3 exists in about 2mm of peripheries 
outside the combined lamination substrate 1 . Such the xmcombined section cannot be used as a SOI layer which 
produces a device, and separates and falls at a back process upwards, and it is necessary to remove it in order to cause 
various problems. 

[0046] In order to remove the uncombined section, as shown in drawi ng 1 (e), to given thickness t, grinding of the 
periphery section of the bond wafer 2 with which the uncombined section exists first is carried out, and it is removed. 
According to grinding, it can remove at high speed and is because process tolerance is also good. In this case, since the 
direction made as thin as given thickness t as possible can decrease the allowance for machining in the etching process 
which is a back process, it is desirable. 

[0047] Next, etching removes completely the uncombined section of the bond wafer 2 periphery section like drawin g 1 
(f). this can be easily performed by the etch rate of a silicon single crystal being markedly alike compared with an oxide 
film, and immersing the lamination substrate 1 in a large etching reagent. That is, since silicon has exposed the 
periphery section of the bond wafer 2 by grinding, it is etched with an etching reagent, but since it is covered with the 
oxide film 5, other parts of the lamination substrate 1 are not etched. As such etching, the so-called alkali etching by 
KOH, NaOH, etc. can be mentioned. 

[0048] And with this operation gestalt, since thickness of the periphery section of the bond wafer 2 is made thin enough 
by grinding, the uncombined section which exists in the periphery section of the lamination substrate 1 by short-time 
etching is completely removable. 

[0049] If the fi-ont face of the bond wafer 2 is finally thin-film-ized by the desired thickness with means, such as 
grinding and polish, according to the usual approach as shown in drawin g 1 (g), the lamination SOI substrate which has 
the SOI layer 6 is producible. Since a crystal defect penetrates and especially this invention tends to form a pinhole 
when thin-film-izing a SOI layer to 1 micron or less, its value using this invention approach is high. 
[0050] In this case, although the case where a bond wafer was twisted to grinding, polish, or etching above thin-film- 
izing was shown, if this invention is the approach which is not limited to this but can thin-film-ize a bond wafer, it is 
good by any technique. It cannot be overemphasized that this invention is especially effective also when based on the 
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approach of carrying out the ion implantation of the SOI layer to the gas phase etchinepr the wafer which attracts 



example, a SOI layer front face is exposed to the plasma by making it run the cavity which held the plasma for the SOI 
substrate top according to thickness distribution according to that distribution, and controlling this travel speed after 
measuring tfie thickness distribution of the SOI layer on a SOI substrate is controlled. Consequently, it is the approach 
which the amount of etching removal of a SOI layer front face is controlled, and equalizes the thiclcness of the SOI layer 
on a SOI substrate. 

[0052] On the other hand, the approach (technique called the smart cutting method) of combining and separating the 
wafer which carried out the ion implantation, and manufacturing a SOI substrate is newly beginning to attract attention 
as the manufacture approach of a SOI substrate recently. While this approach forms an oxide film at least in one side 
among two silicon wafers A hydrogen ion or rare gas ion is poured in from the top face of one silicon wafer. After 
making a minute air-bubbles layer (enclosure layer) form in the interior of this wafer, the field of the direction which 
poured in this ion is stuck with the silicon wafer of another side through an oxide film. It is the technique (refer to JP,5- 
21 1 128,A) which adds the postheat treatment, separates one wafer in the shape of a thin film by making a minute air- 
bubbles layer into a cleavage plane, adds heat treatment fiirther, combines firmly, and is used as a SOI substrate. And a 
cleavage plane is a good mirror plane and a SOI substrate also with the high homogeneity of thickness is obtained 
comparatively easily in an ultra-thin SOI layer. 

[0053] Furthermore, since crystal defect size is small, when the SOI substrate produced by the above-mentioned process 
adds heat treatment of 900 degrees C or more, a crystal defect can be reduced and very little SOI substrate of a crystal 
defect is obtained. If heat treatment temperature is 900 degrees C or more in that case, especially as a heat treatment 
ambient atmosphere, hydrogen, an argon, nitrogen, oxygen, or these mixed-gas ambient atmospheres will not be limited, 
but if it is a reducing atmosphere containing hydrogen, since the migration of the silicon atom in a SOI layer front face 
will tend to happen, it is effective in especially the defect of a void mold like the cluster of an atomic hole. 
[0054] 

[Example] Although the example and the example of a comparison of this invention are given and being explained 
concretely hereafter, this invention is not limited to these. 
(An example, example of a comparison) 

(Training of the nitrogen dope silicon single crystal rod by the CZ process) By the CZ process, 40kg of raw material 
polycrystalline silicon was charged to the quartz crucible with a diameter of 18 inches, and the diameter of 6 inches, P 
type, and ten crystal rods of bearing <100> were pulled up at the rate of the versatility of the range of 0.8 - 1 .5 mm/min 
which is the usual raising rate. Although the silicon wafer which has a 0.12g silicon nitride film beforehand was thrown 
in in the raw material by raising of five among those, nitrogen was not doped in raising of the crystal of remaining five. 
Moreover, which crystal controls crucible rotation during raising, and it was made for the oxygen density in a single 
crystal to serve as 0.9 - 1.0x1018 atoms/cm3. 

[0055] When the nitrogen concentration of the tail of the crystal rod of the direction which doped nitrogen was 
measured by FT-IR, it was 5.0x1014 atoms/cm3 on the average (since the segregation coefficient of nitrogen is very 
small, the concentration of the body section of a crystal rod becomes below this value.). Moreover, when the oxygen 
density of all single crystal rods was measured by FT-IR, it checked that any crystal served as an oxygen density of 

about 0.9 - 1.0x1018 atoms/cm3. 

[0056] (Production of a silicon single crystal wafer) From the single crystal rod obtained here, the wafer was cut down 
using the wire saw, beveling, wrapping, etching, and mirror-polishing processing were performed, and conditions other 
than the existence of the dope of nitrogen produced the silicon single crystal mirror plane wafer of two kinds of 6 inches 
diameters made almost the same. 

[0057] The consistency of a crystal defect (grown-in defect) was measxired by performing Secco etching to the obtained 
silicon single crystal wafer, carrying out microscope observation of the front face, and measuring a pit consistency. The 
measurement result was shown in drawing 2 . A black dot is the wafer which doped nitrogen and it is the wafer with 
which the white round head has not doped nitrogen. 

[0058] If this result is seen, in spite of pulling up the raising rate the rate more than the former and the EQC of 1 .0 or 
more mm/min, with the wafer which doped nitrogen, the crystal defect consistency will decrease from the conventional 
method about to 1/20. That is, by doping nitrogen shows that growth of a crystal defect is controlled and the crystal 
defect of detectable size decreases. 

[0059] (Production of a SOI substrate) Next, according to the process shown in drawmgj. , the SOI substrate was 
produced using the above-mentioned wafer. In the example, the bond wafer and the base wafer should dope nitrogen, 
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of a bond wafer by heat- 



treating at 1050 degrees C, it was madeiWtick with a base wafer and was made to jotT together firmly under the 
ambient atmosphere which contains oxygen in a bond wafer by adding heat-of-linkage processing of 2 hours at 1 100 
degrees C. And grinding and the SOI substrate which grinds, performs gas phase etching further and has a SOI layer 
with a thickness of about 0.2 micrometers were produced for the bond wafer. 

[0061] In this way, if there is a defect which penetrates a SOI layer when the SOI substrate which has the obtained thin 
SOI layer is dipped in an HF50% water solution for 10 minutes, it will embed through this, HF will reach an oxide film, 
an oxide film will be etched, and an etch pit will be formed. Since this etch pit formed in an oxide film spaced the thin 
SOI layer and observed it with the optical microscope, it was scanned in the diameter direction on the firont face of a 
wafer, and did about 10cm of sum totals of the microscope observation of the number of pits of the field of 2. 
[0062] As a result of measurement, in the example, an average of 0.2 pieces /were [ cm ] 2, and an average of 0.8 
pieces /were [ cm ] 2 in the example of a comparison, therefore, it tums out that formation of the pinhole by the crystal 
defect in a SOI layer is boiled markedly, and it can improve by this invention. Moreover, lamp heating apparatus 
(SHUTIAKKU MICRO-TEC international company make, SHS-2800) performed 1200 degrees C and heat treatment 
for 10 seconds for the SOI substrate with a thickness of 0.2 micrometers produced on the same conditions as the above- 
mentioned SOI substrate (what carried out the nitrogen dope) under 100% ambient atmosphere of hydrogen. Then, 
when etch pit evaluation by the same HF water solution as the above was performed, an average of 0.03 defect 
density /is [ cm ] 2, and it tumed out that the defect in a SOI layer is improved fiirther. 

[0063] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration substantially with 
the technical thought indicated by the claim of this invention, and does the same operation effectiveness so, it is 
included by the technical range of this invention. 

[0064] for example, MCZ which it faces raising the silicon single crystal rod which doped nitrogen with the Czochrlski 
method in this invention, and it is not asked whether the magnetic field is impressed to melt, and impresses the so-called 
magnetic field to the Czochrlski method of this invention — law is also included. 

[0065] Moreover, by the above, when a content oxygen density was made into hypoxia concentration, it stated that it 
can consider as a low crystal defect more, but even if this invention is not limited to this but it is the case where a 
metaphor oxygen density is 1.2 - 1.5x1018 atoms/cm3 or the hyperoxia concentration beyond it, it cannot be 
overemphasized that it is what has effectiveness. 

[0066] Moreover, although the above-mentioned operation gestalt explained focusing on the case where stick two 
silicon wafers and a SOI substrate is produced The silicon wafer with which this invention was produced by the CZ 
process, a quartz, silicon carbide. Also when sticking an insulating substrate like silicon nitride, an alumina, sapphire, 
and other ceramic material and producing a lamination SOI substrate, it is effective in reducing the crystal defect of a 
SOI layer, and it cannot be overemphasized that it can apply. 
[0067] 

[Effect of the Invention] In this invention, by producing a SOI substrate using the silicon single crystal wafer which 
doped nitrogen, the crystal defect size in a SOI layer is small, and a SOI substrate with few pinholes can be obtained by 
low cost and the sex from Takao. Especially this invention especially has the effective thiclmess of the SOI layer from 
which the crystal defect in a SOI layer and a pinhole pose a problem as the manufacture approach of a thin film SOI 
substrate 1 micron or less. 
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* NOTICES * 



Japan Patent Office is not respoBEble for any 
daxnages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0 0 2 0] ^bT. :^m^^(Dmm:&mxm:m'^nrcs 

01 mm (ii*S8) so IgcO^a^B^^teit-rX;^^* 

^t>isbx4^^\^^^<Dtf3iO. mmmz^r)^^izm^^ 
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^—:^<Di^^jzi>^:z-/\<D^mzm^\:mt:M^iy. m 

m^\:m^ifn^xm:^o)zyu:2>ryjL^/\t^m^'^. z, 
n\zmimm^mA.x^m\z'^^i^itrzm^ T'Aw;^f^M 
ji-/\^mmm^ ^xmm^vfzs o im^x^^ 

X. i&l2'?A'<X.fPSffl|'^X-A;6^. ^s^^JlTs^- 

^m.1§B^B#^X^'1';^b-CS/U=i>*^^'^X-A 
{Cj[jPXb;^ct)CDT*'5 S O I aiSTfe^o 

[0 0 2 1] 2^^H^oso iss^i, m^mi 0 

z,n\zmmm^m^x^mi^z^^^^rzm. T^Awxf^ 

MiO X— A T ^ -5 U 3 > X— A ^ HlrMiP ^ ^ T?^ 

Mftbi^cso issTSoT. fufeT^n-fT.f^ssfflii'^x 

<i:oT^lg^ F-7'b;^ci/U:3>#?SB^B^^W^b, ^ 
m^fa^^X^-f XbT'>U3>»^H^B"!7X-At3anX 

[0 0 2 2] ^bT, ^(Dm-^. m^mi kd^-oiz. 

^/\WXf^Mfi!l'^X-A(7)^^SjS^, IX 1-0^° -5 
X 1 O^^atoms/cm^ <t b> if 1 2 <^i: -5 tc, 5^A-f 
T.f^SfiO'^X— ACD^^S^^, 1. 2 X 1 O^satoms/ 
cmmy tt^ z: tib^X^ 
[0 0 2 3] ^fz. mi^mi 3<D^o\Z. :^mM\t. S 

oim<om^P^. i^^a>^Tx$>^m'^\zw^z\d> 

:i^^jlco^pf3:}^^§,^(D so I B^WT^SO lStg<2:T 
[0 0 2 4] J^T. *:^0JtC-3l/^T$btCp37!i-r^:6^\ 

>^j:-/\^(DU^Bxm^m^r^w^T^i.x\^. ^jz 
-j\\z7Kmm(Dm7ti±wmm.TxmuBMm^mTi^m 
^^^^tix\^^^o b7&^b> c(Dmm^so immzmm 
T^^. mzsoim^^m^^m-^. mmo:>^v ^z^^bX 
m^^so I m\znMiyrz}z>y^'-ju^m^i^x\^>^(D 

X\ ZiOliyTi^-JV^m-oX. il7c1±;^*X;0^*«Ab, m 

ib&^mtm^m7Li.xv^3 tmomm7()^±r^. m 
^i^<^m^tmf}^m7c^nrz<Dx\:x. soimj^^mm'^ 
ny^j^-f X <Dmm.^i^ ^¥ b < •^itxi.^oo 
[0 0 2 5] ^z,x. ^^mx\t. i^m-^tiTzso I'm 

^ u n >^x.-/\^(Dm^^m-^^ x^m^i^^i^^ z. 

ii\z^r). KMb;^ce>7l^-;U^M^^$i±> JEtcfS, 
SftS 0 ^itlS b^T < C <h bfco 
[0 0 2 6] ■r3ftt)-&. CZi*tCj:-:pT>-U 

n>-^^B^BW^+tCS#^ H-ybX^B^B^^tf^X^ 

A^. lAD-a-t^itSO lS«J:i>^Vi'5c:<htCci:oT. S 

oiB^<DU^{Kmi^^X7bVh^\^K {.fzf)^^xMmr 



(5) 



[0 0 2 7] ^m^i^'j::i>m^^B^\zv-:/T^h: 

tlX\f^^ (T.Abe and H. Takeno, Mat. Res. Sbc. Syinp. Pro 

c.voi.262,3, 1992 ) o coM^^tm'f-^jKDmmmm 

So 

(0 0 2 81 i:C:5;5i^> C<D v^U n >*^S4i(D^^Jg 

43 D (^^Jx.ti, F.Shimura and R. S. Hocket t, Appl. Pfays. 
Lett.48, 224, 1986) , C Z StCcfc S v- U 3 >^^a'i7X 

y'/^^.xm0^m^\zosF m^tmmmm^m) m(Dm. 

.'^^S:tK^36>f c<?)^*^F-yL;^c':>xw\ 

^lAD-'&^itS O I Stg(Z>^S'^X-A<hbTMV^SC: 

m^t^:^^m^n. so im^\z\tm^Lf3i\^^. lj^^l 

;^;0t^>. SO I F-T'coaS^ffiV^Tf^M^n 

nxi^^^fcL^. so imtf3.^m^x\^mmism(Dxm 

[0 0 3 0] C ZfefC:fel^T^B^B§l±^f3S^^ 

A^iSnxh. iS^^ttT#^<::<h;^^*H[i3fe'5^:^> SO 

So 

[0 0 3 1] 

[^Bjo^^cD^^j :^^B^(Dso im^(Dmm:^mz 

43i.^Tt^> ^rMJ|st'^x-yNT^Si/Un>m,^^'j7x 
-A^, CZffiJc:ci:oTS*^K-7'L.fcv'Uzr>m^ 

A^fpsTSo ^(Dm^^ czmz^-Dxmm^}^-:/ 
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0-25119 o^\zmm,^nx\^^^j^of3i^j:^^(D:^m 

\zJznit^B.VK 

[0 0 3 2] TUt:>t>. CZrSt^, :5^JHy4^4'tCiR§ 

^ nj^c^^H^ f> u 3 ymncDmrnzmm^^mm-^^. 

:E^)\^y^j^^z^i\:.^^xnx:^<ib\ i-^jzi>mm^ 
10 mhr^z.t.\z^^x. ^\^±.\r^^B^\z'^m^\^-y 
7.com&^^\^^\t.mxmi\m^mm-r^:Lt.\z^^x. 

[0 0 3 3] CKT^ct-^tC. C ZSJCci:oT^^^0#^W 

^-r^mz.^m^\^-':f^^z.t.\z^->x. '^^m^^rn 
^\zm^x^ti^^^uxm(D^&^mm^ ^ z. ht^^^ 

0. 4mmymi n i^-Ti o fcffiilibf 

<Dx. m¥B(D±m^^mL<^m^^^Lt^xn> 

[0 0 3 4] ^m^i/U3>^^a^B4'{C F-yrsch. 
U n > 4^ {c^A ^ n S ^^:>c|i(S 1i--r X;0^*Ji|/jN-r S S S 

X. F-y^s^^(7:)?gS^^. -i'^\z^i^-'mm^^^\ 

€Se:T, 1 X 1 O^Oatoms/ciD3i^±tC-rs<D;&^*Jf 
<> <t OfiF^b<J^ 5 X I 0^3atoms/cin3£^±(hf S(7) 

@^PI#T*$>S 5X1 O^Satoms/cfii2^@AS<i:. i^U 

[0 0 3 5] ^fc. :^%mxU. C Z?4tCi;oT^*^ 
• F-ybfc>'Ui3>#ISrB#^W^'rs^{C. *^B^a# 
tC-^^^nsi^fSiS^^, -1. 2 X 1 O^^atoms/cm^JE; 

^ ;&^x#sb. mmosF(Dm^m^mm&^^f)^^x^ 

C<hj6^X#So 

[0 0 3 6] CZmz^-oX. >'U=l>*^^B#^W^S 
5^ [0 0 3 7] C^bT. CZStC4Bl.^T^MSSC0S^ 



(6) 
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^ X ^ * ^ '7 ¥ y -^co-ejgf SB-eT. ^ X 

VTzWi. MS^O. ^^yt:>i^. Jiy^>^\ ^^#(7)X 
[0 0 3 8] #^n;^>'U =3>*^H^'^X'-;\^ 

\7o 0 3 9] lai fc:feliT^t*. I£ D fci; D S O 

—;\2 (xA-f 7.f^Mfiy'::7x-/\) iblxS^—7.^x.-j\ 
3 Afflict" -5 (13 1 (a) ) o iie:T% *^H^^^^^>;^ 

»:7x-/\chr^o ^>'55^, — tsc<o'5^x-A<7)]^:5<t'^ 

[0 0 4 0] ^LT. >^it^n;t>^U:3>¥^H^BS«co 

A«®ic^'ft:^4^^^T^ mi (b) ) o 

m-x. ^JA.^^ 1 0 0 Qx:\^AL(DMi^'(:nf^t:>n. z.(Dm 

^\zu^mf)^^'^n^^^u\^^^o\zuK^. f^M^n^^ 

.[0 0 4 1] z(Dm^. mYMm^mx. ^-x^ni- 
-y3\zrTf^r:>Th^<. ^rzim^(DO x.-/\\zm^tm^ 

fl^^S^itT^J:V^o ^-:::^^.:j^-/\3\Z(D^m<\:m^M 

mx^&^^'^mMm\z^^^x^:fjmm't^zi^izt^^o 
[0 0 4 2];*:^^. z,(Dm.itm^^}^i^rcr^>\^'y:5^'- 

m\ (c) ) . zin\zm^t^mm%Tx^m^m^is^x 

^it. MK>^t>itmmi t-r^o zKDm. 4^>K'^x- 

A 2 <h ^ - X ^ X-/N 3 S fcS-& ^ n ^ <i: <h tc. 

Mr)'^t)^mm.i(D^&m±mzh. ^x^Tx^y5^> 
^^mti^^mitmb^m^^n^ (mi (d) ) . 

[0 0 4 3] Z:<D~^<D^Ji—;\^^m\Z^'^^'tt^fz. 

Tk^^^^tf^smT. 2 0 ot:- 1 2 0 orcDt^ST 
[0 0 4 4]' c<D^vf3:m\^^ummmxmmm'^t^z. 



t\Z^'DX. +^f^^mX—^<D^X.-/\^m'^T^C 

^mmz^yjmwL-r^z.tt}^x^^^^^x$>^. z,ov 

-r^zLL^z^-^x. ^m^z^^y^A-r xm^^^m^(D 

HiB:x(Dmmmm<D^mf}m^'^n\z<^^zt:^\i^. m 
m\z^^mmm^y3i<f3.^. 

10 [0 0 4 5] L.T^'&$n:^clAD'^^ii:S«l 0:51. 
^gB*U2mmtCtl, /J?> K'i7X-yN 2 ,h^-X':!7X-A 

[0 0 4 6] T^^^gS^^^T^tC^^. ^1 (e) {C^ 

bfc:;^;0^\ ^xg-eab-sxiy5^>^xgTcr)®0 
[0 0 4 7] :k\z^ mi ( f ) c^^ptc. x^>5^>^*t:: 

^n\'t. mi\:.m\z<^-<xiy^}zi>^i&^B(Dx.v'^ 
y^mmti^^mz±^\^^jLv^>^*m\z. ^r^^t>^m 
m.i^W:mr^^t\zx^x. mmzn^zht^x^ 

-tf^t)'-^. r^y]^^jL-;\2(D9vmmt. mm\z^ 
-DXiy"^) ziyf)m^iyx\^^^r^mz. jzy^y^*mz^ 

m^tmsxmt^tix\^^^rz^\zjiy^y^*'^nf3i 

V^o C(?)J;375:X^>^>^chbT^i, KOH, NaOH 

[0 0 4 8] ^LT, :$^mmmmx\tmw\\z^K)7f.>)^ 

mmm<Dj^y^>^'x9&D'^.t:)'ti:muio)^m^iz 
w^-t^m^-^^^^^izf^^'t^^^zfi^x^^. 
[0 0 4 9] mmz. mi (g) iz^r^oiz. 7}^>h 

w\z. :^^m}tso im^. 1 ^^ayj^T^xmm^t 

\^^<Dx. :$^%m:&ii^m^^^mm,:^^M^^o 
[0 0 5 0] zi(Dm^. ±mx\:Si^>\^^jL-/\^mm 
i\:T^<D{z. mwu mm. $>^^^\tj:y^>>:f\zj:^m 

50 ois.^mz^^x%A\^^. w\z. iB,^soim^mm\z 



(7) 
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^^^iz^-cxy^x-^^^mi^t^^m^^^-^i^. z.(D 
Mfrmm^MmT^^^\z^y). so immmf)^'':f^x 

^^zmm-^n^mr^^T^mm-^n^. ^<^^^, so im 
^m<Dx,^y^>^*m^m^^mm-^n. so imw,±(Ds 

[0 0 5 2] -z^. mm: s o i mw.(Dmm:^mh vx. 

-f:t>^lXhrcOJi-/\^^^Ri:^»mLXSO I 

mrz\zi^m^nt&^xM^.. z.<D:^m't. -^(Dz^uzi 

mm. imxm) ^m^-^^tzm. ^^^>^siAbfc:«r' 
<Dm^m4\:m^^i^xm:^<Dzyvzi>ryj^^/^^^^^ 

it, ^(Dm^Mm^iQ^xwhmmm^mmmtiyX- 
:^<D^ji-/\^mmmz^mi^. -^^^zmmm^m^x 
^m\z^^vxsoim^^r^wm (4#Ba^5-2 i 

1 1 2 8 -^#53) T*^o ^Lx. mmm^ts^iffsimm 

[0 0 5 3] ^^{i> ±fScoiStCct:0#S^n;^c:SO 

^Mm^-fm^^z.t.\z^K). ^^B^m^^mr^zhi)^ 

mmtLxit. Tfc^. 7';u=f>, ^^^m 
zni^(Dm^:^*7.m^mm.y3:^imzm^'^nm^t^. 
^^tsMTti^w^m^x^twt. soim^mx<Dzy^jz} 

^« 

[0 0 5 4] 

mmm^ £AT, :^m^<DmMm^^zs\t^m^m^ix 
^wm\zmmt^i)^. :^mM\tz,n^\zm.^-^n^^(D 

zmz^y). m.^\ >^(D^^)vv^\z. mPt^^^ 

d&-5, 0. 5mm/m i n(^^fficoa-Jr(^3i^ 
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^SS;6^*0. O'- l. 0 X 1 Qisatoms/cm^ (hTSi^i:^ 

[0 0 5 5] H-:7''Lfc:S-<^^B^B^c^Sa5<^^^ 
^&^¥T~ lYl\ZXDmm\^tz^Z.:b. ^^X^. 0 
X 1 0^^ atoms/cm^ 7^ (Mm(DM^^Mm^'^\Z 

1. 0X1 0^-8atOHis/cm3<O^^SSi;^oTV^^ eii: 

[0 0 5 6] (i/'J n>m^B^':>X-A(D^M) CICT 
. #^>n/c*^rB^;6^e.> ^-i''^V-^ffiv^T'::7XW\^ 

-c^bfc. 2a^C0ia^6'1'>5^(;)f/Uii>*^ll^® 
•:!7X-A€ffSL.7"Co 
20 [0 0 5 7] #e.n;^cv'U3>^^a'^x— At;iS e c 
c oX^y^>>/^igb. ^M^^m^aSbxe^;/ h^. 

[0 0 5 8] dO^^^^-Si:. K-:/b7^c'^X 
— /Mrtl. §l^±frf3iS^l. Omm/m i nJ^idnO^ 

«e3KSci:O^B^B^i5f5S^;6^*2 O^co iS^tc^T 

[0 0 5 9] (SO lS«<Df^S) :!k\z. ±f20D>j7X- 
/N^Mi/^T. H 1 tr^U;^X^(cb7t;e;ni S O I 

■ t^\Z^m^}?-^Vrc^<DtV. i:t^«SJ'T?tiMr>X- 

[0 0 6 0] K^ai-AtCjg^^^t^^H^T. 1 
0 5 OT:TfKiiaS^-r^c:<htCci:D. 3i^> HC7 3i-/n<7) 
40 ^Mtr^^O. 2 MmcO^^b^^B^Kbfcm. ^-X^ 

X— 7N<h^*^i±, 110 ox:x 2mm(D^^mMm^ 

^x-A^Wgy • WSb, '^^\zm.mJiy^>^^frf3: 
Sb;^Co 

[0 0 6 1] zoL-x^stifcm^^so im^^T^s 

OlSffi^. HF5 0%7tcS«(C, 1 O^j^ra^-r.^:. S 

o I M^Riir^^ss;^^*a&n«, z,n^mvxm^&^ 

m^tm H F ;^i^*ilJS b T^YbM^O^ X ^yy^y^'-^n. X 
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[0 0 6 2] sij^<D^s. mi&mx-\t.^i^ 0 . 2 c 

m2T^D> itS^JT^^^i^O. 8 / c fco 
S£oT. *^0^tcJ:oT. SO I ^*<7)«grB^SItCcl:^ 

^^xY^mx^tLm-^o . 2 MmcDso I s«^^>yjp 

3:^;^^hfi. SHS-2 8 00) (cJ;D, 0 0% 

^H^T. 1 2 0 0t:. 1 0#r^1c?:)^i2:31^fTo^o ^ 

com, mu^w\^<DiiF7^mmz^^x.v^\ivhwm 

^fr^titi^^. XmrnmU^^Q. OS^Jr/cm^-r 
so I S4'(Z)j^R5y&t3|fceJc#^nTV^^C<h;&^6 

-3b 0 6 3] *:^B^ti, ±iB^:^j^MfcPR^$n 

WIS* (D ® S tzIBS $ nrcs^&«im« ^: *S W (CIWI 

[0.0 6 5] ^fc. ±fBT^l. ^WMmSS^fg^m^i 
SSjOU. 2'-'1. 5 X 1 0^«atoms/cm^ fe^C^^f^^ JC> 
') [1112] 
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[0 0 6 6] ^/t, ±mmmwmx\^=iifc<Diy^jh>ry 

x-A^Sfif:)'&t)i^T, so I«S^f^S!T'5ig'&^4' 

:=i>'>x-Ach:5^, ^YfcS^. ^ftS^. 

^tct). s o I scD^B^B^Pfi^^iSM-racT^tc^arJgiTS^ 

[0 0 6 7] 

^^B^B^^x-A^^ v^T s o I «is^f^^-r^ ^ t 

5!^ — ;^;^?'S#{C^^<h75:-5> SO I ^i!7D> 
[^S<Dffi#;5:lffiBJ] 

[1^1] (a) ~ (g) *I^BJJ3A^7&^^. Ifi0^:b 

i±so is«(7)f^Mx@co-e^j^^-rt^B^i^-e^^o 

[1112] MMM. tt:^m<Diy^Ju>OJ^-/\iz:^^^X. 
S e c c oX:y^>^^. *M^®?SMS^bTtr^y h 

1 (SOISS) , 2-7p>K»j7X 

m) . 6 -so I So 



QQO 



g \,m r j2. :-o- 

-t. ,<)0 r— 

^ 50 i uf^.*— 

n 

10' ' ' ' t — - - - 1 1 ■ ' > ' 

D. 4 0.5 0.8 } 1.2 f. 4 US 1.8. I 2.2 
^^i^SE (fio/Qia) 




WmW- 12-58801 



Z • 3 



1 

(c) 



